Summary
Lobopodians, a nonmonophyletic assemblage of wormshaped soft-bodied animals most closely related to arthropods, show two major morphotypes: long-legged and short-legged forms. The morphotype with stubby, conical legs has a long evolutionary history, from the early Cambrian [1] through the Carboniferous [2, 3] , including the living onychophorans and tardigrades [4] [5] [6] . Species with tubular lobopods exceeding the body diameter have been reported exclusively from the Cambrian [7] [8] [9] [10] [11] [12] ; the three-dimensionally preserved Orstenotubulus evamuellerae from the uppermost middle Cambrian ''Orsten'' (Sweden) is the youngest long-legged lobopodian reported thus far [8] . Here we describe a new long-legged lobopodian, Carbotubulus waloszeki gen. et sp. nov., from Mazon Creek, Illinois, USA (w296 million years ago) [13] . This first post-Cambrian long-legged lobopodian extends the range of this morphotype by about 200 million years. The three-dimensionally preserved specimen differs significantly from the associated short-legged form Ilyodes inopinata [2] , of which we also present new head details. The discovery of a Carboniferous long-legged lobopodian provides a more striking example of the long-term survival of Cambrian morphotypes than, for example, the occurrence of a Burgess Shale-type biota in the Ordovician of Morocco [14] and dampens the effect of any major extinction of taxa at the end of the middle Cambrian [15, 16] .
Results and Discussion
Systematic Paleontology Arthropoda sensu lato [17] . Carbotubulus waloszeki gen. et sp. nov. Etymology. ''Carbo,'' L. referring to the stratum Carboniferous; ''tubulus,'' L. ''small pipe,'' referring to the form of the appendages; in honor of Dieter Waloszek, University of Ulm, Germany, in recognition of his work on arthropod evolution.
Holotype and Only Known Specimen. Royal Ontario Museum (ROM) 47514, part and counterpart, Invertebrate Palaeontology collection, Royal Ontario Museum, Toronto.
Stratigraphic Horizon and Locality. Carbondale Formation, Francis Creek Shale Member, Mazon Creek area, Pit 11, Essex fauna [18, 19] , Illinois, USA.
Diagnosis. Lobopodian with prominent cylindrical head region comprising one-third of body length, nine pairs of long, tube-shaped walking limbs (lobopods), and an additional pair of small appendages associated with head region; body surface smooth.
Measurements. Body nearly seven times longer than wide (total preserved length 35 mm, diameter 4.8 mm); limbs at least 11 mm long (the appendage length may vary in different body areas, so we based this measurement on the longest preserved appendage, number 8) and 2 mm in diameter (the diameter of appendages 7 and 9 appears greater, but this is interpreted as an effect of a very oblique breakage plane).
Description. Elongate worm-shaped body with ten pairs of lobopods; anteriormost pair smaller and positioned anteriorly on the cylindrical head region separate from the remaining appendages (Figures 1A and 2 ; see also Figures S1A and S2A available online); body surface smooth ( Figure 1C ), preserved three-dimensionally ( Figure S1E ; Movies S1, S2, and S3). Frontal portion of the head region not fully incorporated into the concretion (Figures S1B-S1D; we interpret this region as the anterior end because it resembles the tubeshaped cephalic region of the lobopodians Aysheaia pedunculata [11] and Xenusion auerswaldae [20] , whereas the leg pairs are crowded in the opposite terminal body region, which thus resembles the posterior end of these lobopodians). Two pairs of dark circular spots situated laterally on the head in front of the first pair of appendages, the anterior pair of spots larger than the posterior ( Figure 1B) ; the identity of these spots is unclear, but we interpret them as true morphological structures due to their symmetric arrangement. Limbs tube-like, more than five times longer than wide and more than twice as long as the maximum body diameter. Trunk merges posteriorly with the last pair of limbs, and the bases of the posterior three pairs lie closer together than those of the others. The distal parts of limb pairs 8 and 10 were not incorporated into the concretion (Figures 1D and 1E ; see also Figures S1F-S1I and Supplemental Discussion).
The locality where the new lobopodian was found, Pit 11, also yields Ilyodes inopinata ( Figure 1F ; see also Figures S2B-S2D and Supplemental Discussion). Carbotubulus waloszeki differs from I. inopinata in a number of respects, some revealed by the new material of the latter. The elongate, tube-like head region of C. waloszeki bears one pair of small, ventrolateral appendages, whereas the head of I. inopinata shows a morphology characteristic of modern onychophorans: it bears one pair of probably protocerebral antennae, in addition to paired lateral extensions resembling the slime papillae ( Figure 1F ; see also Figures S2E-S2G ). There are only nine pairs of trunk appendages in C. waloszeki, in contrast to at least twenty pairs in I. inopinata [2] (Figure 1F ; see also Figures S2B-S2D) . The limbs are elongate and tube-shaped in C. waloszeki, in contrast to the stubby and conical form of those in I. inopinata. The body surface of C. waloszeki, including the appendages, is essentially smooth ( Figure 1C) apart from a few longitudinal wrinkles, whereas that of I. inopinata is finely annulated and covered with numerous delicate papillae, similar to the body surface of extant onychophorans ( Figure 1G ; see also [2] ).
The discovery of C. waloszeki extends the range of a longlegged lobopodian morphology, previously considered typical of the Cambrian, about 200 million years into the late Carboniferous, where it co-occurs with an essentially modern onychophoran-like form. Compared to the three-dimensionally preserved lobopodian Orstenotubulus evamuellerae from the uppermost middle Cambrian [8] , previously the youngest known example, the morphology has not changed in any significant aspect. Remarkable range extensions like that presented here reflect the importance of soft-tissue preservations and reduce the impact of any major turnover of taxa at the end of the middle Cambrian [15, 16] . In this respect, C. waloszeki is a more extreme example than the discovery of Burgess Shale-type taxa in the Lower Ordovician Fezouata Formation of Morocco [14] and even than the occurrence of the marrellomorph Mimetaster hexagonalis and anomalocaridid-like Schinderhannes bartelsi in the Lower Devonian Hunsrü ck Slate of Germany [21, 22] .
Experimental Procedures
All images were taken under polarized light with a Canon Rebel T3i camera with a MP-E 65 mm close-up lens. High-resolution composite images were produced for each specimen, all from the collection of the Royal Ontario Museum, Toronto (see [23] for details). For stereo images and movies of the specimens, images were taken at different angles and processed in Adobe Photoshop CS3 (stereo images) or combined in ImageJ (movies). For the 3D surface model (Movie S3), an image stack with a widely opened focal aperture was recorded with very small distances between single frames, resulting in a low depth of field for each image. From this stack, the 3D surface model was calculated in Image Analyzer and the original surface image rendered onto it. The 3D model of the lobopodian was reconstructed using the freeware Blender.
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